INTRODUCTION
Metabolic syndrome (MetS) is a clustering of symptoms associated with obesity that include abdominal obesity (AOb), increased blood pressure (BP), altered glucose metabolism, and dyslipidaemia. This syndrome strongly predicts the future development of both cardiovascular disease (CVD) and diabetes (1, 2) .
The MetS and its individual components have been widely studied in adults (3) (4) (5) , as well as in younger ages (6, 7) ; however, association between AOb measured by waist circumference and elevated BP, has not been examined comprehensively in young university students of Mexico. Our group estimated a national wide prevalence of MetS of 15.8% in young people from Mexico (7) . In this regard, young adults entering university are making their own lifestyle behaviors that could impact in their health, even in short-term (8, 9) . This conversion into adulthood is a good opportunity to adopt healthy lifestyle, since dietary intake and lack of physical activity can affect all MetS components. If poor lifestyle habits are adopted during this stage, young adults will likely carry them through adulthood and progress to negatively impact the individual's health status (9) .
Screening young adults, especially first-year university students, regarding MetS components and related risk factors is vital to decrease the risk of future chronic diseases development.
First-year university students experience faster weight gain than the average adult, up to 11 times faster (10, 11) .
In 2012 reports of the Mexican National Health and Nutrition Survey in young adults (20-29 y) found a prevalence of AOb of 53.3% (12) , which could represent a high degree of physical inactivity. In relation to diet, a study in college students from northern Mexico reported only 13.2% of fruits and 15.6% of vegetables daily consumption (13) . In addition, in 2008 the overall prevalence of risk factors for eating behaviour disorders in a Mexican university of the US-Mexico border was higher in women (8.5%) than men (3.3%) (14) . Given these high rates of overweight/obesity and poor diet, young adult populations may be at risk, which is relevant to consider since an increase in body weight augments the probability of developing MetS, and consequently CVD and type 2 diabetes. Thus, risk identification early in life may support healthier and better choices, based upon personalized information during an age when lifestyle changes may be transformed into lifelong behaviours (15) .
The present research includes a detailed investigation of firstyear students from three universities located in central and northern Mexico.
As it is known that abdominal obesity prevalence in young Mexicans is high (53.3%) (12) , and may indicate the beginning of metabolic alterations in young, the objective of this study was to determine the relative association between AOb and the other components of MetS, and the next most probable altered components given that AOb is one of the first metabolic alterations in young.
METHODS

DESIGN AND POPULATION
The study sample consisted of first-year Mexican university students, ages 17 to 25 years. Data were obtained by the Multidisciplinary Group to Investigate Health and Academic Performance (GMISARA), from Facultad de Estudios Superiores Iztacala, Universidad Nacional Autonoma de México (UNAM), Universidad Autonoma de la Ciudad de México (UACM), and Healthy University Program (Medical Services) from Universidad Autonoma de Ciudad Juárez (UACJ). This cross-sectional, observational study reports on MetS prevalence, and relative associations of AOb and the other MetS components of 2.993 (66% women) university students from central (n = 2,387, UNAM and n = 271, UACM from Mexico City) and northern (n = 335, UACJ from Ciudad Juárez, Chihuahua) México, over a 4-year survey (2010-2013).
All first year students were invited to participate in the 'Healthy University' program, so that no inclusion neither exclusion criteria were adopted since before the study; participants were voluntary and none of the students reported any illness, and no metabolic disorders were diagnosed by a physician.
In the four surveys conducted at the 3 universities (2010, 2011, 2012 and 2013), trained personnel (physicians, biochemists and anthropometrists) conducted the interviews to assure reliable demographic, socioeconomic, and health related data. After explaining the nature, objectives and risks inherent to the study, all subjects signed an informed consent (when the student was 17 years old, authorization of his (her) parent was obtained). The protocol was approved by the Facultad de Estudios Superiores Iztacala UNAM, and UACJ ethics committees (5) .
BIOCHEMISTRY
Healthy University Medical Services (UACJ) and Grupo Diagnóstico Médico PROA, S.A. de C.V. (UNAM/UACM), internationally accredited laboratories, were responsible for sample collection, biochemical analysis and laboratory data handling. Students came to laboratory facilities, either to the UACJ, UNAM or UACM, between 7-10 AM after overnight fasting. Plasma glucose (GLU), triacylglycerol (TAG), and HDL-cholesterol (HDL-C) were assayed by automatized enzymatic-colorimetric methods.
BLOOD PRESSURE AND ANTHROPOMETRICS
BP and anthropometric techniques have been described elsewhere (5) . In brief, diastolic and systolic BP values were obtained twice, i.e., after resting quietly in a sitting position for 5 min and determination of the maximum inflation level, then BP readings were obtained with a standard aneroid sphygmomanometer (Model DS44, Welch Allyn).
Anthropometric data were obtained following the Official Mexican Norm (NOM-008-SSA3-2010, Mexican Ministry of Health). All measurements were performed by trained study staff and were obtained using standard procedures: height and waist circumference (WC) were recorded to the nearest 0.1 cm using a wall stadiometer (Seca mod. 208, Mexico City), and a flexible anthropotape (Rosscraft, USA). Body weight was recorded to the nearest 0.1 kg using a digital scale (Seca 700). Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in meters. Subjects were classified as obese if BMI was ≥ 30 kg/m 2 and overweight if BMI was ≥ 25 and < 30 kg/m 2 . Waist circumference was measured in supine position at the level of the umbilicus. Hip circumference was measured in standing position at the level of the greater trochanters.
METABOLIC SYNDROME CLASSIFICATION
The updated Alberti et al. (16) criteria were used to determine MetS prevalence. The criteria included increased abdominal fat measured by WC (≥ 80 cm for women and ≥ 90 cm for men), elevated TAG (≥ 150 mg/dL), low HDL-C (< 40 mg/dL for men and < 50 mg/dL for women), elevated fasting glucose (≥ 100 mg/dL), and hypertension (≥ 130 mmHg systolic blood pressure [SBP] or ≥ 85 mmHg diastolic blood pressure [DBP]). Subjects bearing 3 or more of the components were classified with MetS (16) .
STATISTICAL ANALYSIS
Descriptive data are presented as mean ± SD and percentages. Differences in physical and biochemical characteristics between men and women students were tested by independent Student's t test. Fisher's exact Chi-square tests were used to analyse the prevalence of MetS in the total sample by gender and the number of MetS components present by gender. Univariate analysis by using logistic regression was employed to explain association between AOb and MetS components. Data were considered significant when p < 0.05. All analyses were performed using STATA software (version 11.0; Stata Corp, College Station, TX, USA). Table I shows total and gender differences in anthropometric, clinical and biochemical measures. Approximately 66% of the sample were women. The mean age and BMI of the study population were 19 years and 24.0 kg/m 2 , respectively. Average BMI was in the normal range; however 1,059 subjects (35.6%) were either overweight or obese. Comparison by sex showed that men had a significantly greater mean BMI than women (24.3 vs. 23.9 kg/m 2 , p ≤ 0.01). Men also had a significantly greater mean elevated BP, elevated TAG, low HDL-C, and elevated GLU. Differences between averages of women and men were statistically significant (p ≤ 0.01) for all variables.
RESULTS
METABOLIC SYNDROME PREVALENCE
The overall MetS prevalence was 11.8%. We observed more men than women classified with MetS (14.3% vs. 10.5%, respectively, p < 0.01). A total of 68.6% of the sample had at least one component for MetS. Although MetS prevalence is higher in men than in women, the percentage of healthy subjects (with none MetS component) is also higher in men than in women (40.7% vs. 26.7%, respectively, p ≤ 0.01; Table II ). The most prevalent MetS components in the total sample were low HDL-C concentration (43.6%) and AOb (41.1%). A greater proportion of women had low HDL-C concentration (51.5% vs. 28.1%, p ≤ 0.01), and higher proportion of AOb (47.1% vs. 29.3%, p ≤ 0.01).
Although the percentage of men with elevated TAG concentrations was significantly larger than in women (p ≤ 0.01), the same was observed with elevated fasting glucose (13.8% vs. 8.3%, p ≤ 0.01) and elevated BP (17.5% vs. 4.0%, p ≤ 0.01).
ABDOMINAL OBESITY ASSOCIATIONS WITH METS COMPONENTS
The magnitude of associations between AOb and the other MetS components in men and women was explored. In both, men and women AOb was significantly associated with all of the MetS components (p ≤ 0.01); the observed association followed the magnitude order BP > TAG > HDL-C > GLU (p ≤ 0.01) (Table III) .
When examining MetS components by AOb in both men and women, we observed significant greater mean values in SBP and DBP in obese men than in non-obese (120.2 vs. 111.0 mm/ Hg, p ≤ 0.01 and 79.9 vs. 74.0 mm/Hg, p ≤ 0.01, respectively). As expected, a lower mean value in HDL-C concentration was found in obese men when compared with non-obese (40.7 vs. 46.6 mg dL, p ≤ 0.01). Mean values for glucose were grater in obese than in non-obese (92.2 vs. 89.0 mg/dL, p ≤ 0.01), as well as TAG (158.7 vs. 101.4 mg/dL, p ≤ 0.01) (Table IV) .
The same was observed in women, SBP and DBP mean values were significantly greater in obese compared to those in nonobese (106.3 vs. 100.8 mm/Hg, p ≤ 0.01 and 72.2 vs. 67.8 mm Hg, p ≤ 0.01, respectively). With respect to HDL-C, lower value was observed in obese (47.4 mg/dL) than in non-obese (52.0 mg/dL, p ≤ 0.01). Regarding glucose concentration we found significantly lower values in non-obese (87.5 mg/dL) than in obese (88.9 mg/dL, p ≤ 0.01). Even TAG concentration was considered normal in both, obese and non-obese, these values were higher in obese.
DISCUSSION
The main findings from this study is that a great number of Mexican university students presented unhealthy HDL-C levels and AOb, and a relatively high association of AOb with elevated BP, which could be at risk for developing chronic diseases, including type 2 diabetes and CVD (1, 2, 8, 9) . On the other hand, men have higher prevalence of MetS than women; however, the percentage of healthy men (with no MetS components) is also higher in men than in women.
According to the National Health and Nutrition Survey (ENSA-NUT 2012), the prevalence of overweight and obesity was 71.3% (overweight 38.8% and obesity 32.4%) in Mexican adults, and the prevalence of abdominal adiposity was 74.0%, being higher in women (82.8%) than in men (64.5%) (12) . In our study, the prevalence of overweight and obesity in young adults was 35.6%, being slightly higher in men. Total prevalence of AOb in this sample was lower compared with that found in a nationwide Mexican young adults 20-29 y (41.1% vs. 53.3%, respectively) (12) , which is alarming since these elements are closely related to the MetS. Assuming the MetS as a multifactorial process, it is a progress between "healthy" and "not healthy" status, early events of that process might predict progression to future chronic disease (17) . Screening and identifying young adults, especially men, with conditions such as AOb, dyslipidaemia and the MetS are crucial steps in establishing effective educational and intervention strategies to reduce the incidence and burden of chronic diseases. MetS prevalence was higher in men than in women, but the percentage of healthy men (with no MetS components) is higher than healthy women, similar to what has been reported (18) .
From the five MetS components, three of them, TAG, fasting GLU and BP, showed a higher prevalence in men than in women; while two, HDL-C and WC, showed higher prevalence in women when compared with men. Abdominal obesity and low HDL-C were 1.6 and 1.8 times higher, respectively, in females. Our results suggest that dyslipidemia presence in women is favored by the central body fat distribution.
In our study, MetS prevalence was 11.8% using criteria from Alberti et al. (16) (14.3% in men and 10.5% in women), these values are higher than those found in college students from Latin America countries, including Ecuador, Chile and Argentina where the reported prevalence was 7.5%, 4.9% and 4.1%, respectively (19) (20) (21) . The prevalence of MetS in our study is higher, even compared with that found in college students from developed countries like United States where MetS was identified in 10% of men and 3% of women (22) , and 4.7% (men) 1.6% (women) in first-year college students between 18 and 24 years (23) .
It is worth to mention that the prevalence of abdominal obesity in young adults of Mexico was 53.3%, in Ecuador 43.2% and in Argentina 12%, using as reference the IDF criteria; while in Chile it was 6.0% using the ATPIII-2002 criteria. The difference in the prevalence of MetS between Mexico, Ecuador and Argentina, could be explained due to higher differences in the prevalence of abdominal obesity in the studied populations; whereas the differences with Chile are related to a lack of comparability because of the different diagnostic criteria used.
Mean values in all of the related components of the metabolic syndrome through AOb were significantly higher in obese young adults, compared to non-obese (p ≤ 0.01). Among those students who are non-obese, only 1% has the MetS. A similar trend was observed by DuBose et al., in elementary school children, as well as other studies observed a higher prevalence for each component of the MetS (24, 25) .
It is important to notice that the chronological development of AOb increases the cardiovascular risk, which is at the core of metabolic syndrome. In young adults, moderate obesity generally is well tolerated; however, with advancing years, there is a common progressive weight gain, a gradual loss of muscle mass, stiffening of the arterial tree, decline in secretory capacity of pancreatic β-cells, mitochondrial dysfunction, and increased inflammatory changes in adipose tissue as well as other age-related alterations (22) . The syndrome often culminates in type 2 diabetes in which risk for vascular disease is markedly raised (1) .
With the purpose to establish future interventions aimed to reducing risk factors for MetS development, it is important to know the prevalence of its components. According to the results of this study, low HDL-C was the most frequent, followed by AOb. In 2012, our research group suggested that the binomium HDL/WC is the main prevalence factor and the main predictor of MetS occurrence, since low HDL-C is very frequent in this population (17) . However, to increase the effectiveness of these interventions and as a goal of this report, we consider that is more important to know the degree of association of each of these elements on its development. In this study, AOb was selected as one of the most important components of the MetS due to its high prevalence, and other studies have shown that AOb is a factor of high importance for its development (19, 26) . The degree of association of AOb with the other components of MetS was established and we found that elevated BP was more strongly associated in both men and women. This finding is important because in our university population, high BP is the lowest frequent individual component of MetS, but the importance on its development could be greater than biochemical components, including low HDL-C, despite being the most frequent component in this population. Our results could be very important to public health authorities for the design and implementation of focused preventive policies to reduce MetS and CVD in college students.
As it is known, cross-sectional design limits causal inferences; however, this design allows researchers to obtain the current health status of the desired population at one point in time. Some studies define young adults as 18 to 24 (8, 18) , others from 20 to 39 (23) , as in this study was from 17 to 25 years old, we think a single operational definition for young adults would be beneficial for future data comparisons. Our reported prevalence of MetS in students could not be generalized to all Mexican university students; even, our sample was derived from two universities from central (UNAM and UACM) and one from northern (UACJ) locations, more universities need to be sampled. Yet, to our knowledge no other study of this sample size has examined MetS in young Mexicans.
CONCLUSIONS
Central obesity and low HDL-C are the most prevalent components of MetS, while elevated BP shows the lowest prevalence. Nevertheless, the degree of association between AOb and the other components of MetS was established, and we found that elevated BP is more strongly associated in both men and women. This finding is important because in our Mexican university population, elevated BP is the lowest frequent individual component of MetS, but the importance on its development could be greater than biochemical components, including low HDL-C, the most frequent component in this population.
